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cytoplasmic fragments along with the effect of cytoplasmic
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fragment and perivitell ine space coarse granulation removal
(cosmetic microsurgery) from embryos before embryo transfer on
ART outcomes.
Methods: One hundred and fifty intracytoplasmic sperm injection
cycles with male factor inferti l i ty were included in this prospective
study. Patients were divided into three groups of case (n = 50), sham
(n = 50), and control (n = 50). Embryos with 10–50 % fragmentation
were included in this study. Cosmetic microsurgery and zona
assisted hatching were only performed in case and sham groups
respectively. Extracted fragments were evaluated ultrastructurally by
transmission electron microscopy (TEM). Rates of clinical
pregnancy, l ive birth, miscarriage, multiple pregnancies, and
congenital anomaly in the three groups were also compared.
Results: Micrographs from TEM showed that mitochondria were the
most abundant structures found in the fragments along with
mitochondria-vesicle complexes, Golgi apparatus, primary
lysosomes, and vacuoles. There were no significant differences in
demographic characteristics, laboratory and clinical data, or
embryo morphological features between the groups. The rate of
clinical pregnancy in control, sham, and case groups had no
significant differences (24, 18, and 18 %, respectively). The rates of
l ive birth, miscarriage, multiple pregnancy, and congenital
anomaly were also similar between the different groups.
Conclusions: Our data demonstrated that cosmetic microsurgery on
preimplantation embryos had no beneficial effect on ART
outcomes in unselected groups of patients. As mitochondria are the
most abundant organelles found in cytoplasmic fragments,
fragment removal should be performed with more caution in
embryos with moderate fragmentation.
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Mitochondria are the numerous structures inside the human embryo
cytoplasmic fragments, and fragment removal on moderately
fragmented embryos does not seem to improve ART outcomes.
   
   
AUTHOR'S PROOF
U
N
C
O
R
R
EC
TE
D
PR
O
O
F
1
2
3 EMBRYO BIOLOGY
4 Ultrastructure of cytoplasmic fragments in human cleavage
5 stage embryos
6 Iman Halvaei1 & Mohammad Ali Khalili1 & Navid Esfandiari2 & Somayyeh Safari1 &
7 Ali Reza Talebi1 & Selenia Miglietta3 & Stefania A. Nottola3
8
9 Received: 20 June 2016 /Accepted: 29 August 2016
10 # Springer Science+Business Media New York 2016
11 Abstract
12 PurposeQ1 The goal of this study is to evaluate the ultrastructure
13 of cytoplasmic fragments along with the effect of cytoplasmic
14 fragment and perivitelline space coarse granulation removal
15 (cosmetic microsurgery) from embryos before embryo trans-
16 fer on ART outcomes.
17 Methods One hundred and fifty intracytoplasmic sperm injec-
18 tion cycles with male factor infertility were included in this
19 prospective study. Patients were divided into three groups of
20 case (n=50), sham (n=50), and control (n=50). Embryos
21 with 10–50 % fragmentation were included in this study.
22 Cosmetic microsurgery and zona assisted hatching were only
23 performed in case and sham groups respectively. Extracted
24 fragments were evaluated ultrastructurally by transmission
25 electron microscopy (TEM). Rates of clinical pregnancy, live
26 birth, miscarriage, multiple pregnancies, and congenital
27 anomaly in the three groups were also compared.
28 Results Micrographs from TEM showed that mitochondria
29 were the most abundant structures found in the fragments
30 along with mitochondria-vesicle complexes, Golgi apparatus,
31primary lysosomes, and vacuoles. There were no significant
32differences in demographic characteristics, laboratory and
33clinical data, or embryo morphological features between the
34groups. The rate of clinical pregnancy in control, sham, and
35case groups had no significant differences (24, 18, and 18 %,
36respectively). The rates of live birth, miscarriage, multiple
37pregnancy, and congenital anomaly were also similar between
38the different groups.
39Conclusions Our data demonstrated that cosmetic microsur-
40gery on preimplantation embryos had no beneficial effect on
41ARToutcomes in unselected groups of patients. As mitochon-
42dria are the most abundant organelles found in cytoplasmic
43fragments, fragment removal should be performed with more
44caution in embryos with moderate fragmentation.
45Keywords Cosmetic microsurgery . Embryo fragmentation .
46Transmission electronmicroscopy .Mitochondria
47Introduction
48The main goal in assisted reproductive technology (ART) is
49achieving a healthy singleton live birth. There are several factors
50that can affect ART outcome, namely the quality of embryos
51developed in vitro [1–3]. Embryo morphology is a noninvasive
52selection method that can be easily adopted in an in vitro fertil-
53ization (IVF) laboratory for choosing embryos for embryo trans-
54fer (ET) [4–6]. Despite certain limitations, morphological eval-
55uation of embryos is routinely used for embryo scoring [7, 8]. In
56fact, morphology is considered the most important parameter
57that is assessed in different stages of embryo development.
58Embryo fragmentation in in vitro produced embryos is the
59cornerstone of the embryo grading system. The presence of
60fragmentation impairs embryo morphology and is associated
61with a lower embryo viability [9, 10]. Fragmentation usually
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embryo cytoplasmic fragments, and fragment removal on moderately
fragmented embryos does not seem to improve ART outcomes.
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62 occurs during the first cell division in more than 40 % of
63 in vitro generated embryos [11, 12]. The degree of fragmen-
64 tation may vary from zero to over 50 % of cytoplasmic vol-
65 ume, and it was shown that mean cytoplasmic reduction in-
66 creases when the degree of fragmentation increases [13].
67 While the impact of a low degree of fragmentation (<10 %)
68 on ART outcomes seems negligible, severe fragmentation
69 (>50 %) impairs embryo viability [7]. However, the impact
70 of moderate fragmentation on ART outcomes has been a mat-
71 ter of debate for many years. There are several studies regard-
72 ing the positive effects of fragment removal on embryo via-
73 bility and pregnancy rates [14–17]. The presence of coarse
74 granulation and debris in the perivitelline space (PVS) is the
75 other embryo dysmorphisms. Coarse granulation may origi-
76 nate from ooplasm and coronal cell prolongations [18, 19].
77 Moreover, it is suggested that coarse granulation may origi-
78 nate from cumulus cells entered into the PVS due to zona
79 pellucida (ZP) abnormality [20]. Extra-cytoplasmic particles
80 such as entrapped cumulus cells could impair the hatching
81 process as well. In addition, these particles may be associated
82 with reduced ART outcomes because of a synchronous inher-
83 ent oocyte defect or a ZP abnormality [18, 19, 21].
84 Since embryos are selected for ET based on their morpholog-
85 ical features, a question remains as to whether ART outcomes
86 improve if a poor-looking embryo is refurbished into a good
87 looking one. The cosmetic microsurgery is defined as removal
88 of fragments and coarse granulation from the embryo before ET.
89 Recently, ongoing pregnancy following cosmetic micromanipu-
90 lation of cleavage-stage embryos in patients with a history of
91 implantationfailurehasbeenreported[22].Transmissionelectron
92 microscopy (TEM), as a state-of-the-art technology, provides
93 more details about the origin of fragments and their contents.
94 There is lack of data regarding TEMof fragments removed from
95 humanembryos produced in vitro.UsingTEM, the fine structure
96 of fragments and logic of performing fragment removal in mod-
97 eratelyfragmentedembryoswouldbeclarifiedaswell.Tothebest
98 of our knowledge, no comprehensive studies have been carried
99 out up to now on the ultrastructure of fragments removed from
100 human embryos in a clinical setting. Our main goal was to eval-
101 uate the ultrastructure of fragments formed during the first cleav-
102 ages removed from the transferred embryos in a clinical setting.
103 Ourgroupwasalso, for thefirst time, introducedanewmethodfor
104 TEMevaluationof fragment usingan emptyZP.The secondgoal
105 was to evaluate the impact of embryo cosmetic microsurgery on
106 the ARToutcomes in an unselected group of infertile patients.
107 Materials and methods
108 Patient selection
109 The patients entered into this prospective randomized study
110 were referred to Yazd Institute for Reproductive Sciences.
111This study was conducted from June 2013 to April 2015.
112Cleavage-stage embryos with grades B and C (10–50 % frag-
113mentation) were included in this study. The exclusion criteria
114included patients with less than two embryos or with embryos
115derived from non-ejaculated spermatozoa, multinucleated em-
116bryos, cycles using donor gametes, embryos derived from
117conventional insemination, advanced maternal age (39 years
118or older), difficult/complicated ET, or retained embryos at ET.
119The patients were randomly divided into three groups by
120computer-generated random numbers: the control group
121(n=50) included 103 embryos with grades B and C, the sham
122group (n=50) included 101 embryos with grades B and C
123undergoing laser-assisted hatching (LAH) only, and the case
124group (n=50) included 94 embryos undergoing cosmetic mi-
125crosurgery. This study was approved by the ethics committee
126of the first author’s institute. Written informed consents were
127obtained from all patients.
128Embryo morphology
129Embryo cell number, pattern, and percent of fragmentations,
130blastomere multinucleation and evenness were recorded. The
131fragmentation pattern was divided into two categories: (a)
132fragments were around one blastomere and localized and (b)
133fragments were scattered around two or more blastomeres.
134The fragmentation was reported as a percentage, and was de-
135fined as volume of the embryo cavity occupied by fragments.
136The embryos were graded into four categories according to
137their fragmentation index: grade A, equal size blastomeres and
138less than 10 % fragmentation; grade B, slightly unequal blas-
139tomeres with up to 20 % fragmentation; grade C, unequal
140sized blastomeres, up to 50 % fragmentation and large gran-
141ules; and grade D, unequal blastomeres with significant frag-
142mentation (>50 %) and large granules. The shape of embryos
143was categorized as circular or oval.
144Cosmetic microsurgery
145Micromanipulation of cleavage-stage embryos was performed
146in Ca-Mg-free culture medium (Vitrolife, Sweden) on embry-
147os selected for ET. A micropipette with the inner diameter of
14810–12 μm and a holding micropipette with the inner diameter
149of 25–30 μm were used in order to perform cosmetic micro-
150surgery. The embryo was held by the holding micropipette
151with the best orientation of fragments and coarse granulation
152in PVS for fragment and coarse granulation removal. A 10–
15312-μm opening was made in ZP using a 1480-nm wavelength
154infrared diode laser (OCTAX Laser Shot®; MTG, Germany).
155The micropipette was gently entered and brought in close
156proximity to the fragments, debris, and granules around the
157blastomeres. Fragments and granules were gently removed
158from the embryo using a ×25 objective. LAH was performed
159only in the sham group. In all embryos, the site of hatching
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160 was selected near the cytoplasmic fragments. The microsur-
161 gery was monitored by video recording, and the image of the
162 embryo before and after microsurgery was taken for further
163 analysis. After micromanipulation, the embryo was carefully
164 washed in G-1™ v5 (Vitrolife, Sweden) culture media and
165 incubated at 37 °C in 6 % CO2 until ET.
166 Transmission electron microscopy
167 Cytoplasmic fragments were prepared for TEM by the novel
168 method of using empty ZP [23]. Empty ZPs were made from
169 unfertilized oocytes or discarded embryos. The cytoplasmwas
170 removed and fragments were transferred into empty ZPs. The
171 fragments were then fixed by glutaraldehyde 2.5 % in a
172 cacodylate buffer solution. After fixation, samples were rinsed
173 in cacodylate, post-fixed with 1 % osmium tetroxide in
174 cacodylate, and rinsed several times. The empty ZPs were
175 then checked for the presence of fragments at the end of each
176 step. The specimens were embedded in agar 1 %, dehydrated
177 using an ascending series of ethanol, and embedded in epoxy
178 resin. Ultra-sectioning was performed by Ultra-cut UCT mi-
179 croscope (Leica Microsystems Inc., Germany). The semi-thin
180 sections (500 nm) were stained with toluidine blue to check
181 the samples. Ultra-thin sections (50–70 nm) were mounted on
182 copper grids and stained with uranyl acetate and lead citrate.
183 The grids were then checked and photographed with TEM
184 (Zeiss, Germany).
185 Outcome measures
186 Chemical pregnancy was confirmed by a positive serum beta
187 hCG >30 mIU/ml 14 days after ET. Clinical pregnancy was
188 confirmed by detection of a gestational sac with a fetal heart
189 beat 7 weeks after ET. Miscarriage rate was defined as clinical
190 pregnancy losses before the 20th week of gestation divided by
191 the chemical pregnancies.
192 Statistical analysis
193 The data are presented as mean±SD, median, and percentage.
194 The Shapiro–Wilk test was applied to evaluate normal distri-
195 bution of the data. Independent sample t test, Mann–Whitney
196 U test, one-way ANOVA (followed by Tukey), Kruskal–
197 Wallis, and chi-square tests were used appropriately. All hy-
198 potheses were two-sided and the significant level was defined
199 as P<0.05. The sample size was calculated by comparison
200 between two proportions. A sample size of 89 embryos
201 (45 cycles) in each group reveals 80 % power to detect to
202 increase of 20 % in clinical pregnancy rate with alpha level
203 of 0.05.
204Results
205Ultrastructure of fragments
206The TEM micrographs showed that the fragments have a dis-
207tinct, continuousmembrane providedwith raremicrovilli. There
208were various cytoplasmic organelles inside the fragments. The
209mitochondria were the most abundant structures observed.
210Theseweremainly intact, apparently healthymitochondria, with
211a moderately electron-dense matrix. Residual mitochondria-
212vesicle complexes represent a peculiar association between mi-
213tochondria and round vesicles that are filled with a flocculent
214and slightly electron-dense material. They are commonly found
215in the human mature oocyte and pronuclear eggs. In addition,
216membranes belonging to Golgi apparatus were also seen.
217Remnants of regressing mitochondria, small clear vacuoles,
218and primary lysosomes were occasionally found (Figs. 1 and 2).
219Demographic and clinical data between different groups
220The demographic data of patients are shown in Table 1. There
221were no significant differences for male age, female age, and
222duration of infertility between the three groups. Also, most of
223the patients had primary infertility, and the type of infertility
224was similar in different groups as well. Table 2 shows the
225comparison of clinical data between control, sham, and case
226groups. The majority of patients underwent antagonist proto-
227col for ovarian stimulation. The levels of estradiol, FSH, and
228LH in female serum were the same as well. Previous implan-
229tation failure rate was not different among the three groups.
230Laboratory data
231Semen quality was similar between the different groups. In
232addition, the number of aspirated COCs, rates of mature
Fig. 1 Morphology and organelle microtopography of an embryo
fragment inside the empty ZP by TEM. M mitochondria, rM remnant of
regressing mitochondrion, V vesicle, MV mitochondria-vesicle complex,
Ly primary lysosome, G Golgi apparatus, mv microvilli, Va vacuoles;
scale bar= 2 μm
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233 oocytes at metaphase II, fertilization, and embryo develop-
234 ment were the same (Table 3).
235 Embryo morphology, pregnancy, and live birth rates
236 Themost common dysmorphism of the embryos in the control
237 group was fragmentation. The number of embryos with even
238 and uneven blastomeres in the different groups showed insig-
239 nificant differences (P=0.1). The rate of fragmentation and
240 cell number were similar in the different groups. The groups
241 showed similar results for pattern of fragmentation. The rates
242 of pregnancy, miscarriage, live birth, multiple pregnancy, and
243 congenital anomaly had no significant differences in the three
244 groups (Table 4).
245 Discussion
246 From an ultrastructural point of view, our data showed that
247 cytoplasmic fragments have a distinct and intact membrane
248 with some remnants of the microvilli of the oolemma. Some
249 researchers believe that large fragments (up to 45 μm in di-
250 ameter in day 2 and 40 μm in day 3) are associated with the
251 loss of a large volume of the blastomere’s cytoplasm that
252 contains essential organelles such as mitochondria, mRNA,
253 and proteins, resulting in embryo development arrest [24].
254Therefore, removing fragments in the early stages of develop-
255ment can deprive the embryo of such essential organelles. Our
256data showed that the mitochondria were the most frequent
257organelle inside the fragments. The finding of abundant,
258well-preserved mitochondria in the fragments suggests that
259these have enzymatic activities. The number and shape of
260mitochondria also depends on the type and degree of cell
261differentiation, the mitochondria being more numerous and
262elongated in the embryo blastomeres as cleavage progresses
263[25]. The mitochondria is the power house of the egg, and
264embryo development relies on the energy (ATP) produced
265by these organelles. Losing mitochondria by fragmentation,
266on the one hand, and exposure of embryos for extended time
267out of the incubator to remove these fragments, on the other
268hand, may threaten the embryo viability and its implantation
269potential. Other morphodynamic changes which occur in the
270early human embryo during preimplantation development are
271the reduction in number and dimensions, up to disappearance,
272of mitochondria-vesicle complexes and de-novo formation of
273Golgi membranes [25, 26]. Mitochondria-vesicle complexes
274are firstly detected in the immature, germinal vesicle oocyte.
275They appear as small and numerous in the mature oocyte,
276become enlarged in aged/cultured oocytes, and just after fer-
277tilization, in the pronuclear eggs [27]. They disappear in the
278early embryo, thus showing a high recycling/remodeling ac-
279tivity. It has been suggested that these complexes play a role in
280the transport system from the nucleus to the developing mito-
281chondria [28]. Chi et al. evaluated the ultrastructure of
282fragmented embryos using TEM. They found that the number
283of mitochondria is lower in anucleated fragments compared to
284normal blastomeres, suggesting depletion of fragments from
285ATP, resulting in cell lysis [9]. Thus, in our samples (Fig. 2),
286the occasional finding of small vacuoles and primary
287lysosomesin the fragments, along with the presence of
288regressing mitochondria with dilated cristae and altered mem-
289branes, may be considered ultrastructural markers of early
290degeneration.
291There are several reports on reduced pregnancy outcomes
292from transferring embryos with poor morphology [29, 30].
293Some embryo dysmorphisms, however, like cytoplasmic frag-
294ments and coarse granulation in PVS, could be removed from
Fig. 2 Morphology and organelle microtopography of an embryo
fragment inside the empty ZP by TEM. An enlargement of selected
areas of Fig. 1 is provided. M mitochondria, rM remnant of regressing
mitochondrion, V vesicle, Ly primary lysosome, G Golgi apparatus, Va
vacuoles; scale bar= 1 μm
t1:1 Table 1 The demographic data of patients in different groups
t1:2 Variables Groups P value
t1:3 Control Sham Case
t1:4 Male agea 33.64 ± 5.3 35.56 ± 6.7 35± 6.7 0.4
t1:5 33 (23–47) 35 (25–64) 34 (23–62)
t1:6 Female agea 29.1 ± 3.7 31.4 ± 4.9 29.6 ± 6 0.06
t1:7 Duration of infertilitya 5.08 ± 3.3 5.88 ± 3.2 5.82 ± 3.3 0.3
t1:8 5 (1–17) 5.5 (1–15) 6 (1–16)
t1:9 Type of infertility (%)
t1:10 Primary 85 83 88 0.4
t1:11 Secondary 15 17 12
aData are presented as mean± SD, median (min–max)
J Assist Reprod Genet
JrnlID 10815_ArtID 806_Proof# 1 - 05/09/2016
AUTHOR'S PROOF
U
N
C
O
R
R
EC
TE
D
PR
O
O
F
295 the cleavage-stage embryo prior to ET. It is unclear if making
296 a poor-looking embryo into a good-looking one would im-
297 prove the pregnancy outcome. In this study, we defined a
298 cosmetic microsurgery for the cleavage stage embryo as re-
299 moval of fragments and coarse granulation. Our data showed
300 that cosmetic microsurgery in moderately fragmented
301embryos does not improve the ART outcome in unselected
302patients undergoing ICSI.
303In theory, fragment removal may improve the viability and
304development potential of poor-quality embryos by improving
305cell-to-cell interactions. It could also prevent the release of
306probable harmful compounds by fragments, which may lead
t3:1 Table 3 Comparison of
laboratory data between different
groups
t3:2 Variables Groups P value
t3:3Control Sham Case
t3:4 Sperm abnormality (%)
t3:5 Single
Oligo/astheno/terato-zoospermia
34 31.2 34.7 0.7
t3:6 Double
Oligoastheno/asthenoterato/oligoterato-zoospermia
22 33.3 22.4
t3:7 Triple
Oligoasthenoteratozoospermia
44 35.4 42.9
t3:8 Aspirated COCsa 9.28 ± 4.3 8.5 ± 3.4 10.56 ± 5.2 0.08
t3:99 (2–23) 7.5 (2–19) 10 (2–23)
t3:10 MII oocytesa 7.9 ± 3.8 7.02 ± 3.3 8.98 ± 4.9 0.07
t3:118 (2–21) 6 (2–17) 9 (2–22)
t3:12 Fertilized oocytesa 4.98 ± 3 4.46 ± 2.3 5.18 ± 3.5 0.8
t3:134 (1–17) 4 (1–12) 4 (2–15)
t3:14 Embryo formationa 4.26 ± 2.64 3.98 ± 2 4.76 ± 3.5 0.9
t3:154 (1–13) 4 (1–10) 4 (2–15)
t3:16 Transferred embryosa 2.06 ± 0.4 1.98 ± 0.4 1.9 ± 0.4 0.2
t3:172 (1–3) 2 (1–3) 2 (1–3)
COC cumulus oocyte complexes, MII metaphase II
a Data are presented as mean± SD, median (min-max)
t2:1 Table 2 The comparison of
clinical data between three groupst2:2 Variables Groups P value
t2:3 Control Sham Case
t2:4 COH protocol (%)
t2:5 Agonist 6 10.2 12.2 0.5
t2:6 Antagonist 94 89.8 87.8
t2:7 Estradiol (pg/ml)a 1581.74 ± 777.2 1659.49 ± 773.7 1916.53 ± 1154.7 0.4
t2:8 1300 (544–4600) 1600 (500–3620) 1800 (395–5334)
t2:9 FSH (mIU/ml)a 6.18 ± 3.4 6.75 ± 2.7 6.4 ± 3.1 0.2
t2:10 5.1 (2.4–18.9) 6.8 (9–13.9) 5.5 (1.6–15.6)
t2:11 LH (mIU/ml)a 5.06 ± 2.8 5.11 ± 2.6 5.18 ± 3.7 0.8
t2:12 4.4 (1.5–14.5) 4.9 (0.2–13.9) 4.3 (0.1–20)
t2:13 Ampoulesa 26.64 ± 6.6 29.26 ± 7.7 27.71 ± 8.5 0.06
t2:14 26 (13–46) 29 (6–56) 25 (19–64)
t2:15 Previous implantation failure (%)
t2:16 Yes 20 22 20 0.9
t2:17 No 80 78 80
COH controlled ovarian hyperstimulation
a Data are presented as mean± SD, median (min–max)
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307 to degeneration or lysis of healthy neighboring blastomeres
308 [14]. It is believed that fragment removal in embryos with 0–
309 15 % or >35 % fragmentation may be associated with no
310 improvement in clinical outcome [31]. Alikani et al. divided
311 the embryos based on their fragmentation into five grades: (I)
312 less than 5 %, (II) 6–15 %, (III) 16–25 %, (IV) 26–35 %, and
313 (V) more than 35 %. They retrospectively followed homoge-
314 neous transfers of fragmented embryos and showed that im-
315 plantation was significantly reduced after transfer of embryos
316 with >15 % fragmentation, despite fragment removal before
317 ET [14]. However, the present study was a prospective one, in
318 which only the embryos with 10–50 % fragmentation were
319 included. The fate of low and high level of fragmentations
320 could be predicted. While the absence of fragmentation is
321 associated with a higher pregnancy outcome, severe fragmen-
322 tation (>50 %) is accompanied with low pregnancy rates and
323 high risk of congenital malformation [7, 32]. Performing cos-
324 metic microsurgery for these two groups of embryos does not
325 seem to be beneficial, because embryos with less than 10 %
326 fragmentation have a similar pregnancy rate compared to non-
327 fragmented embryos. In addition, in severely fragmented em-
328 bryos, cosmetic microsurgery can only make the embryo
329grading change, but the embryo development potential may
330not improve.
331It has been shown that there is a negative relationship be-
332tween blastocyst formation rate and the level of cytoplasmic
333fragmentation [33]. In a prospective study, it was reported that
334removal of fragments at cleavage stage led to improving the
335quality of blastocysts compared to the control group [15]. In
336our pilot study, we found that blastocysts could be obtained
337from discarded embryos with over 50 % fragmentation after
338cosmetic microsurgery (data not shown). In a retrospective
339study, the rates of implantation, clinical pregnancy, spontane-
340ous abortion, live birth, and fetal defects following transfer of
341poor-quality embryos after fragment removal reported to be
342similar to top-grade embryos [16]. The authors only per-
343formed fragment removal for embryos with more than 10 %
344fragmentation, but did not define the upper limit for percent-
345age of fragmentation. The impact of fragment removal on
346cleavage-stage embryos with moderate fragmentation derived
347from unselected patients was assessed in another study [34].
348The authors showed that in patients younger than 39 years
349having embryos with 10–20 % fragmentation, defragmenta-
350tion did not improve the rates of implantation or live birth.
t4:1 Table 4 Comparison of embryo
morphology and pregnancy rate
between different groups
t4:2 Variables Groups P value
t4:3Control Sham Case
t4:4 Type of dysmorphism (%)
t4:5 F 46.5 32.5 45 0.06
t4:6 F+CG 10 10 10
t4:7 Time of microsurgery (min) – – 6.6 ± 4.9 –
t4:8 Evenness (%)
t4:9 Yes 46.6 44.6 57.4 0.1
t4:10 No 53.4 55.4 42.6
t4:11 Grade (%)
t4:12 B 46.6 46.8 43 0.1
t4:13 C 53.4 53.2 57
t4:14 Fragmentation (%)a 18.1 ± 10.2 19.5 ± 10.2 16.5 ± 7.9 0.1
t4:1515 (10–50) 20 (10–50) 15 (10–50)
t4:16 Cell numbera 5.46 ± 1.9 5.43 ± 2.2 6.04 ± 2.1 0.052
t4:175 (2–10) 4 (2–12) 6 (2–12)
t4:18 Pattern (%)
t4:19 Localized 58.9 54.6 56.8 0.8
t4:20 Distributed 41.1 45.4 43.2
t4:21 Shape Circular Circular Circular –
t4:22 Chemical pregnancy (%) (20/50) 40 (14/50) 28 (14/50) 28 0.3
t4:23 Clinical pregnancy (%) (12/50) 24 (9/50) 18 (9/50) 18 0.6
t4:24 Miscarriage rate (%) (3/20) 15 (0/14) 0 (2/14) 14.3 0.3
t4:25 Live birth rate (%) (10/50) 20 (9/50) 18 (6/50) 12 0.5
t4:26 Multiple pregnancy (%) (3/50) 6 (4/50) 8 (1/50) 2 0.3
t4:27 Congenital anomaly (%) (0/50) 0 (1/50) 2 (1/50) 2 0.6
F fragmentation, CG coarse granulation
a Data are presented as mean± SD, median (min-max)
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351 They also reported that the rates of multiple pregnancy and
352 neonatal anomaly were the same between control and study
353 groups.
354 The effect of fragment removal on IVF outcomes is con-
355 troversial. Retrospective studies are in favor of the beneficial
356 effect of defragmentation while prospective studies, like ours,
357 do not clearly support its beneficial effects on subsequent
358 embryo development and pregnancy rates. Our results showed
359 that cosmetic microsurgery does not improve pregnancy rate
360 in embryos with fragmentation of 10–50 %, derived from
361 young patients with male factor infertility.
362 It has been shown that increased maternal age is associated
363 with increased embryo fragmentation [16]. It appears that
364 fragment removal is favorable for advanced age and does
365 not improve the pregnancy outcomes in young patients with
366 good prognosis [14, 34]. It could be suggested to perform
367 cosmetic microsurgery on selected cases, and embryos de-
368 rived from patients with implantation failure seem to be good
369 candidates for cosmetic micromanipulation [22].
370 If we consider a fragmented embryo “abnormal” or at least
371 “subnormal” or “non-ideal,” then we admit that something
372 should be wrong in the embryo that causes fragmentation.
373 The cause is either related to the embryo itself or to the patient
374 [35, 36]. Our data showed that fragment removal by micro-
375 surgery was unable to eliminate the underlying cause of frag-
376 mentation. It would be worthwhile to get more information
377 about the formation and resorption of fragments using a new
378 and valuable technique called time lapse. Our results showed
379 that the fragments contain numerous mitochondria while the
380 time-lapse photography studies have shown that the fragments
381 will be recycled into the mother blastomeres and disappear in
382 the next cleavages [37, 38]. Removing fragments deprives the
383 blastomeres from mitochondria, resulting in decreased ATP
384 production which is necessary for further embryo develop-
385 ment. This technique would also help to compare the embryo
386 development between fragmented and non-fragmented em-
387 bryos. Our next project is evaluation of morphokinetic param-
388 eters of early embryo development following fragment re-
389 moval via time-lapse monitoring.
390 Debris in PVS is one of the extra-cytoplasmic
391 dysmorphisms of mammalian oocytes with incidence of
392 10.6 % in human mature oocytes [39, 40]. PVS granularity
393 may have different causes, including exocytosis of cortical
394 granules, gonadotropin overdose, advanced maternal age,
395 and ZP abnormality [20, 40–42]. One study showed that
396 cleavage rate, embryo quality, rates of implantation, and preg-
397 nancy were the same between two groups of oocytes with
398 more than 50 % and less than 50 % granules [42]. In contrast,
399 Farhi et al. evaluated the role of coarse granulation in oocytes
400 on IVF and ICSI clinical outcomes. They showed that there
401 were no significant differences for fertilization and cleavage
402 rates and embryo quality between the two groups, but implan-
403 tation and pregnancy rates were significantly higher in the
404control group, suggesting this factor as an “egg factor infertil-
405ity” [21]. When the oocyte is fertilized and developed, these
406granularities can be found in the subzona area next to the
407blastomeres. One specific goal in our study was to remove
408the subzona granularity as a part of cosmetic microsurgery
409per se. However, these coarse granulations may be attached
410to the ZP, requiring more manipulation to remove them from
411the embryos. In this study, we tried to remove the granulation
412which was loosely attached to ZP, and aggressive manipula-
413tion was avoided.
414Conclusion
415From an ultrastructural stand point, the fragments have signs
416of both viability and degeneration. Cosmetic microsurgery on
417preimplantation embryos with moderate fragmentation had no
418beneficial effect on pregnancy, miscarriage, and live birth
419rates in an unselected group of patients. Numerous mitochon-
420dria in the fragments suggest that fragment removal should be
421performed with more scrupulosity, at least in embryos at
422cleavage stage with moderate cytoplasmic fragments.
423Acknowledgments This study was extracted from the Ph.D. thesis of
424Iman Halvaei. The authors gratefully thank Yazd Research and Clinical
425Center for Infertility for providing all supports. The authors also appreci-
426ate Sarah H. Gibson for the English editing of the manuscript.
427
428Compliance with ethical standards Q2This study was approved by the
429ethics committee of the first author’s institute. Written informed consents
430were obtained from all patients.
431References 432
4331. Khalili M, Moinia F. Role of embryo morphology and cumulative
434embryo score in pregnancy outcome from in vitro fertilization and
435intracytoplasmic sperm injection cycles. Middle East Fertil Soc J.
4362002;7:231–6.
4372. Khalili MA, Razavi V, Mardanian F, Esfandiari N. The predictive
438value of pronuclear morphology screening on embryo development
439and pregnancy outcome in ART cycles. Middle East Fertil Soc J.
4402008;13(1):44–51.
4413. Niinimäki M, Veleva Z, Martikainen H. Embryo quality is the main
442factor affecting cumulative live birth rate after elective single em-
443bryo transfer in fresh stimulation cycles. Eur J Obstet Gynecol
444Reprod Biol. 2015;194:131–5.
4454. Edwards R, Purdy J, Steptoe P, Walters D. The growth of human
446preimplantation embryos in vitro. Am J Obstet Gynecol.
4471981;141(4):408–16.
4485. Cummins J, Breen T, Harrison K, Shaw J, Wilson L, Hennessey J.
449A formula for scoring human embryo growth rates in in vitro fer-
450tilization: its value in predicting pregnancy and in comparison with
451visual estimates of embryo quality. J Assist Reprod Genet.
4521986;3(5):284–95.
4536. Rødgaard T, Heegaard PMH, Callesen H. Non-invasive assessment
454of in-vitro embryo quality to improve transfer success. Reprod
455Biomed Online. 2015;31(5):585–92.
J Assist Reprod Genet
JrnlID 10815_ArtID 806_Proof# 1 - 05/09/2016
AUTHOR'S PROOF
U
N
C
O
R
R
EC
TE
D
PR
O
O
F
456 7. Racowsky C, Ohno-Machado L, Kim J, Biggers JD. Is there an
457 advantage in scoring early embryos on more than one day? Hum
458 Reprod. 2009;24(9):2104–13.
459 8. Halvaei I, Khalili MA, Razi MH, Agha-Rahimi A, Nottola SA.
460 Impact of different embryo loading techniques on pregnancy rates
461 in in vitro fertlization/embryo transfer cycles. J Hum Reprod Sci.
462 2013;6(1):65–9.
463 9. Chi HJ, Koo JJ, Choi SY, Jeong HJ, Roh SI. Fragmentation of
464 embryos is associated with both necrosis and apoptosis. Fertil
465 Steril. 2011;96(1):187–92.
466 10. Fujimoto VY, Browne RW, Bloom MS, Sakkas D, Alikani M.
467 Pathogenesis, developmental consequences, and clinical correla-
468 tions of human embryo fragmentation. Fertil Steril. 2011;95(4):
469 1197–204.
470 11. Antczak M, Van Blerkom J. Temporal and spatial aspects of frag-
471 mentation in early human embryos: possible effects on develop-
472 mental competence and association with the differential elimination
473 of regulatory proteins from polarized domains. Hum Reprod.
474 1999;14(2):429–47.
475 12. Stigliani S, Anserini P, Venturini PL, Scaruffi P. Mitochondrial
476 DNA content in embryo culture medium is significantly associated
477 with human embryo fragmentation. Hum Reprod. 2013;28(10):
478 2652–60.
479 13. Hnida C, Ziebe S. Total cytoplasmic volume as biomarker of frag-
480 mentation in human embryos. J Assist Reprod Genet. 2004;21(9):
481 335–40.
482 14. Alikani M, Cohen J, Tomkin G, Garrisi GJ, Mack C, Scott RT.
483 Human embryo fragmentation in vitro and its implications for preg-
484 nancy and implantation. Fertil Steril. 1999;71(5):836–42.
485 15. Eftekhari-Yazdi P, Valojerdi MR, Ashtiani SK, Eslaminejad MB,
486 Karimian L. Effect of fragment removal on blastocyst formation
487 and quality of human embryos. Reprod Biomed Online.
488 2006;13(6):823–32.
489 16. Keltz MD, Skorupski JC, Bradley K, Stein D. Predictors of embryo
490 fragmentation and outcome after fragment removal in in vitro fer-
491 tilization. Fertil Steril. 2006;86(2):321–4.
492 17. Keltz M, Fritz R, Gonzales E, Ozensoy S, Skorupski J, Stein D.
493 Defragmentation of low grade day 3 embryos resulted in sustained
494 reduction in fragmentation, but did not improve compaction or
495 blastulation rates. Fertil Steril. 2010;94(6):2406–8.
496 18. Dandekar P, Aggeler J, Talbot P. Structure, distribution and compo-
497 sition of the extracellular matrix of human oocytes and cumulus
498 masses. Hum Reprod. 1992;7(3):391–8.
499 19. Sathananthan A. Ultrastructure of the human egg. Hum Cell.
500 1997;10(1):21–38.
501 20. Rankin T, Talbot P, Lee E, Dean J. Abnormal zonae pellucidae in
502 mice lacking ZP1 result in early embryonic loss. Development.
503 1999;126(17):3847–55.
504 21. Farhi J, Nahum H, Weissman A, Zahalka N, Glezerman M, Levran
505 D. Coarse granulation in the perivitelline space and IVF-ICSI out-
506 come. J Assist Reprod Genet. 2002;19(12):545–9.
507 22. Halvaei I, Khalili MA, Safari S, Esfandiari N. Ongoing pregnancies
508 following cosmetic micromanipulation of preimplantation embryos
509 in patients with implantation failure. Case Rep Med. 2015;2015.
510 23. Halvaei I, Khalili MA, Nottola SA. A novel method for
511 transmission electron microscopy study of cytoplasmic frag-
512 ments from preimplantation human embryos. Microsc Res
513 Tech. 2016;79(6):459–62.
514 24. Johansson M, Hardarson T, Lundin K. There is a cutoff limit in
515 diameter between a blastomere and a small anucleate fragment. J
516 Assist Reprod Genet. 2003;20(8):309–13.
51725. Motta PM, Nottola SA, Makabe S, Heyn R. Mitochondrial mor-
518phology in human fetal and adult female germ cells. Hum Reprod.
5192000;15 suppl 2:129–47.
52026. Motta PM, Nottola SA, Micara G, Familiari G. Ultrastructure of
521human unfertilized oocytes and polyspermic embryos in an
522IVF‐ET program a. Ann N YAcad Sci. 1988;541(1):367–83.
52327. Bianchi V,Macchiarelli G, Borini A, LappiM, Cecconi S, Miglietta
524S, et al. Fine morphological assessment of quality of human mature
525oocytes after slow freezing or vitrification with a closed device: a
526comparative analysis. Reprod Biol Endocrinol. 2014;12(110).
52728. Sundstrom P, Nilsson O, Liedholm P. Cleavage rate and morphol-
528ogy of early human embryos obtained after artificial fertilization
529and culture. Acta Obstet Gynecol Scand. 1981;60(2):109–20.
53029. Yin H, Jiang H, He R, Wang C, Zhu J, Luan K. The effects of
531fertilization mode, embryo morphology at day 3, and female age
532on blastocyst formation and the clinical outcomes. Syst Biol Reprod
533Med. 2015;61(1):50–6.
53430. Rhenman A, Berglund L, Brodin T, Olovsson M, Milton K,
535Hadziosmanovic N, et al. Which set of embryo variables is most
536predictive for live birth? A prospective study in 6252 single embryo
537transfers to construct an embryo score for the ranking and selection
538of embryos. Hum Reprod. 2015;30(1):28–36.
53931. AlikaniM. The origins and consequences of fragmentation inmam-
540malian eggs and embryos. In: Elder K, Cohen J, editors. Human
541preimplantation embryo selection. London: Informa Healthcare;
5422007. p. 51–78.
54332. Ebner T, Yaman C, Moser M, Sommergruber M, Pölz W, Tews G.
544Embryo fragmentation in vitro and its impact on treatment and
545pregnancy outcome. Fertil Steril. 2001;76(2):281–5.
54633. Alikani M, Calderon G, Tomkin G, Garrisi J, Kokot M, Cohen J.
547Cleavage anomalies in early human embryos and survival after
548prolonged culture in-vitro. Hum Reprod. 2000;15(12):2634–43.
54934. Sözen E, Vicdan K, Akarsu C, Tuncay G, Buluc B, Colak M. A
550prospective, randomized, controlled study of fragment removal in
551women who have moderate fragmentated embryos. Hum Reprod.
5522012;27 Suppl 2:ii56–7.
55335. Van Blerkom J, Davis P, Alexander S. A microscopic and biochem-
554ical study of fragmentation phenotypes in stage-appropriate human
555embryos. Hum Reprod. 2001;16(4):719–29.
55636. Alikani M. Epithelial cadherin distribution in abnormal human pre-
557implantation embryos. Hum Reprod. 2005;20(12):3369–75.
55837. Hardarson T, Löfman C, Coull G, Sjögren A, Hamberger L, Edwards
559R. Internalization of cellular fragments in a human embryo: time-lapse
560recordings. Reprod Biomed Online. 2002;5(1):36–8.
56138. Mio Y, Maeda K. Time-lapse cinematography of dynamic changes
562occurring during in vitro development of human embryos. Am J
563Obstet Gynecol. 2008;199(6):660.e1–5.
56439. Balaban B, Urman B. Effect of oocyte morphology on embryo
565development and implantation. Reprod Biomed Online.
5662006;12(5):608–15.
56740. Halvaei I, Khalili MA, Razi MH, Nottola SA. The effect of imma-
568ture oocytes quantity on the rates of oocytes maturity and morphol-
569ogy, fertilization, and embryo development in ICSI cycles. J Assist
570Reprod Genet. 2012;29(8):803–10.
57141. Van Blerkom J. Occurrence and developmental consequences of
572aberrant cellular organization in meiotically mature human oocytes
573after exogenous ovarian hyperstimulation. J ElectronMicrosc Tech.
5741990;16(4):324–46.
57542. Hassan-Ali H, Hisham-Saleh A, El-Gezeiry D, Baghdady I, Ismaeil
576I, Mandelbaum J. Perivitelline space granularity: a sign of human
577menopausal gonadotrophin overdose in intracytoplasmic sperm in-
578jection. Hum Reprod. 1998;13(12):3425–30.
579
J Assist Reprod Genet
JrnlID 10815_ArtID 806_Proof# 1 - 05/09/2016
AUTHOR'S PROOF
U
N
C
O
R
R
EC
TE
D
PR
O
O
F
AUTHOR QUERIES
AUTHOR PLEASE ANSWER ALL QUERIES.
Q1. The "Purpose" statement in the Abstract was slightly modified to achieve clarity and
completeness. Please check if the edits are appropriate.
Q2. Statements related to ethics/ethical standards must be presented in the back matter. Thus, the
relevant text was copied and captured under "Compliance with ethical standards." Please check if
appropriate; otherwise, kindly modify if deemed necessary.
